1 7 2 identified, which are sister to clades containing CMT1, CMT2, and CMT3 and 1 7 3 ZMET ( Fig. 1a ). CMTs previously identified in the green algae Chlamydomonas 1 7 4 reinhardtii, Chlorella sp. NC64A and Volvox carteri were excluded from 1 7 5 phylogenetic analysis because they lacked the CHROMO and other domains 1 7 6 typically associated with CMT proteins ( Figure S1 ). Furthermore, based on 1 7 7 percent amino acid identity C. reinhardtii and V. carteri CMT sequences are 1 7 8 homologous to MET1 (Table S2 ). Similar to S. moellendorffii and P. patens CMT 1 7 9 sequences, green algae CMT sequences are sister to clades containing CMT1, 1 8 0 CMT2, and CMT3 and ZMET ( Figure S2 ). The increase taxonomic sampling re-1 8 1 defines relationships of CMTs in early-diverged land plants and in Viridiplantae in 1 8 2 general [18, 20, 21, 38, 39] .
8 3
Further diversification of CMT proteins occurred in eudicots. CMT1 and 1 8 4 CMT3 clades contain only sequences from eudicots ( Fig. 1a and b ). This (Table S3) moellendorffi to ~86% in Chlorella sp. NC64A (Fig. 3a) . Other plant species fall 2 7 7 between these two extremes ( Fig. 4a) [25] . Beta vulgaris remains distinct among 2 7 8 angiosperms and Viridiplantae with respect to levels of DNA methylation at all 2 7 9 sequence contexts ( Fig. 3a) . Similarly, Z. mays is distinct among monocots and 2 8 0 monocots/commelinids ( Fig. 3a ). Gymnosperms and ferns possess similar levels 2 8 1 of mCG to mCHG within gene bodies and levels of mCHG qualitatively parallel 2 8 2 those of mCG similar to observations in recently published study ( Fig. 3a and 2 8 3 Figure S5 ) [40] . A similar pattern is observed in Z. mays. However, this pattern is 2 8 4 not shared by other monocots/commelinids [25] . High levels of mCHG is 2 8 5 common across the gymnosperms and ferns investigated in this study, and tends 2 8 6 to be higher than levels observed in angiosperms ( Fig. 3a and Figure S5 ) [25] .
8 7
DNA methylation at CG, CHG and CHH sites within gene bodies was detected in 2 8 8 the liverwort Marchantia polymorpha) ( Fig. 3a ). Furthermore, DNA methylation at 2 8 9 CG sites was not detected in the P. patens when all genes are considered (Fig. 2 9 0 3a). Overall, increased taxonomic sampling has revealed natural variation 2 9 1 between and within groups of Viridiplantae.
9 2
Despite the presence of mCG within the gene bodies of angiosperms, 2 9 3 gymnosperms, ferns, lycophytes, liverworts, and green algae; the distributions 2 9 4 across gene bodies differ (Fig. 3b ). In angiosperms (eudicots, commelinids, 2 9 5 monocots and basal angiosperms) CG DNA methylation is depleted at the 2 9 6 transcriptional start and termination sites (TSS and TTS, respectively), and 2 9 7 gradually increases towards the center of the gene body (Fig. 3b ). In the basal 2 9 8 angiosperm Amborella trichopoda, levels of mCG decline sharply prior to the TTS 2 9 9 ( Fig. 3b ). Similar to angiosperms, mCG is reduced at the TSS relative to the 3 0 0 gene body in the gymnosperm Pinus taeda (Fig. 4b ). However, mCG is not 3 0 1 reduced at the TTS (Fig. 3b ). Additionally, DNA methylation at non-CG (mCHG 3 0 2 and mCHH) sites is not reduced at the TSS and TTS. Little difference in mCG, 3 0 3 mCHG, and mCHH within gene bodies, and upstream and downstream regions 3 0 4 are observed in S. moellendorffii (Fig. 3b ). Additionally, mCG, mCHG, and 3 0 5 mCHH are not excluded from the TSS and TTS (Fig. 3b ). As opposed to 3 0 6 angiosperms and gymnosperms (P. taeda), mCG in M. polymorpha decreases 3 0 7 towards the center of the gene body (Fig. 3b ). This distribution also occurs for 3 0 8 methylation at non-CG sites in M. polymorpha (Fig. 3b ). Additionally, M.
0 9
polymorpha has distinctive high levels of mCG, mCHG, and mCHH surrounding 3 1 0 the TSS and TTS (Fig. 3b ). Finally, in Chlorella sp. NC64A, mCG is enriched at 3 1 1 near 100% across the entire gene body (Fig. 3b ).
1 2
The presence of mCG within gene bodies indicates that a gene could 3 1 3 possess gbM. However, other types of DNA methylated genes contain high 3 1 4 levels of mCG [25] , thus enrichment tests were performed to identify genes that 3 1 5 are significantly enriched for mCG and depleted of non-CG methylation (i.e., gbM 3 1 6 genes). Genes matching this DNA methylation enrichment profile were identified 3 1 7 in species sister to angiosperms: gymnosperms, lycophytes, liverworts, mosses 3 1 8 and green algae (Fig. 3b) . The proportion of genes within each genome or subset 3 1 9 of the genome (P. taeda) was small compared to angiosperms with gbM ( Fig.   3 2 0 3b). Furthermore, the number of gbM genes was comparable to angiosperms 3 2 1 without gbM, which suggests these identified genes are the result of statistical 3 2 2 noise ( Figure S6a ). This is most likely the case for lycophytes, liverworts, mosses 3 2 3 and green algae, since the levels of mCG within genes bodies is highly skewed 3 2 4 ( Figure S7 ). Additionally, the distribution of mCG and non-CG methylation across 3 2 5 the gene body is unlike the distribution of gbM genes (Fig. 3b ) [25] . However, the 3 2 6 gymnosperm P. taeda shares some similarities to gbM genes of the basal 3 2 7 angiosperm A. trichopoda (Fig. 3b ). Hence, mCG-enriched genes identified in 
4
One proposed possibility is the failure of IBM1 to remove H3K9me2 within genes.
5
This would provide the necessary substrate for CMT3 to associate with 3 3 6 nucleosomes in genes. Due to the tight association between CMT3 and IBM1 3 3 7 (and SUVH4/5/6) these proteins might have evolved together. Resolution of 3 3 8 phylogenetic relationships supports monophyly of IBM1 and orthologous 3 3 9 sequences that is unique to angiosperms ( Fig. 4 and Figure S8 ). Furthermore, 3 4 0 high levels of mCHG and/or similar levels of mCHG to mCG in gymnosperms, CMTs. This includes the eudicot-specific CMT1 and CMT3, paralogous CMTs 3 7 1 within monocots/commelinids (ZMETs), and the Z. mays-specific ZMET2 and 3 7 2 ZMET5. The paralogous CMT1 and CMT3, and ortholgous CMTs in monocots, 3 7 3 monocots/commelinids, magnoliids and basal angiosperms form a superclade 3 7 4 that is sister to CMT2. Homologous CMTs in gymnosperms and ferns are 3 7 5 paraphyletic, and clades are sister to all CMTs -including CMT1, CMT2, CMT3 3 7 6 and ZMET -in angiosperms. CMTs have been shown to maintain methylation at 3 7 7 CHG sites (CMT3 and ZMET5, and hCMTβ in P. patens) and methylate CHH 3 7 8 sites within deep heterochromatin (CMT2) [2, 4, 6, 11, 14, 15, 20, 21] , whereas which compose a distinct proportion of protein coding genes [19, 25, 26, 27, 45 ].
9 5
GbM genes have been mostly studied in angiosperms and evidence for the 3 9 6 existence of this class of DNA methylated gene outside of angiosperms is limited 3 9 7 [40] . However, in the present study, genes matching the DNA methylation profile respectively. The species Balanophora fungosa has been reported to have a high 5 2 7 substitution rate, which can also produce long branches, and was removed prior 5 2 8
to phylogenetic analyses. Identical workflows were used for jumonji (jmjC) 5 2 9
domain-containing (i.e., IBM1), SUVH4, and SUVH5/6 gene families. Table S1 . Taxonomic, sequence, and phylogenetic summary of sequences 8 0 0 used in Fig. 1 and Supplementary Fig. 2 
